Objective To assess the use of assisted vaginal delivery (AVD) in low-and middle-income countries (LMICs), highlighting what level of care procedures were performed and identifying systemic barriers to its use.
Introduction
Assisted vaginal delivery (AVD) is most commonly performed under three conditions: suspicion of immediate or potential fetal compromise, to shorten the second stage of labour for maternal benefit (fatigue or when prolonged expulsive efforts are inadvisable), or inadequate progress/prolonged second stage of labour. 1, 2 Over the past two decades authorities have declared the vacuum extractor the method of choice in modern obstetric practice because of safety for the fetus and less likelihood of maternal morbidity. [3] [4] [5] [6] Assisted vaginal delivery reduces the rate of caesarean delivery and has the paediatric and maternal benefits of a vaginal birth that caesarean deliveries do not. In resourcepoor settings, access to AVD has the potential to improve maternal and newborn outcomes (postpartum haemorrhage, postpartum sepsis and fetal birth asphyxia are directly related to the duration of the second stage of labour).
In 2015, the World Health Organization (WHO) issued a consensus statement that says rates >10% are not associated with reductions in maternal or neonatal mortality. 7, 8 Caesarean sections carry an intrinsic risk, increase the costs of care and are associated with sexual violence and psychological distress. 9, 10 They also expose women to a lifetime risk in subsequent pregnancies if access to quality antenatal and intrapartum care is unreliable.
The practice of AVD is more prevalent in high-income countries than in low-and middle-income countries (LMICs). AVD rates in Australia, Canada, Ireland, the Netherlands, Scotland and England range between 10 and 16%, whereas in Sweden rates have actually increased from 10 to 15% over the past 10 years. 4, 11, 12 Although reliable global statistics on AVD are not available, unequivocal evidence exists that caesarean deliveries are on the rise, reaching epidemic proportions in some countries. 11, 13, 14 A limited review of the emergency obstetric care signal functions in 2006 indicated that AVD was the signal function least likely to have been performed across several global regions. 15 A small number of papers mostly describing single-facility experiences with AVD has emerged from different regions, the majority of papers calling for greater use of these instruments. [16] [17] [18] [19] [20] [21] [22] The purpose of this paper is to compile an overview of the use of AVD from as many as 40 LMICs that have carried out an assessment on emergency obstetric and newborn care (EmONC) or similar health facility assessment in the last 11 years. We describe the extent to which AVD was used, by whom and at what level of the health system, while identifying some of the systemic barriers to its use.
Methods
Assessments of EmONC are cross-sectional health facility surveys that reflect the status or condition of the item in question on the day of the interview; these assessments tend to be national in scope. They rely on interviews with facility managers and health workers, extraction from registers and patient-level charts, and limited observations. Content-wise they focus on intrapartum care for both routine deliveries and complicated births.
Sampling
Ideally the scope of EmONC assessments is a census of all health facilities where deliveries take place, as they are designed for planning purposes even at the facility level. In practice, the size and scope are influenced by the funding available to conduct the field work. Assessments range from a census of health facilities where deliveries were known or thought to take place (e. 
Data collection forms
The Averting Maternal Death & Disability (AMDD) programme developed an evolving and adaptable core set of modular questionnaires that is part of a generic EmONC Assessment toolkit. 23 Among those relevant to this paper, modules covered basic infrastructure; human resources (number of employees by cadre, what cadres provided the signal functions); availability of drugs, equipment and supplies; service statistics of the last 12 months including the number of deliveries and mode of delivery; performance of signal functions and other key services, and if not performed, why not. These modules were adapted to each country's health system context, creating some variation in how items were reported (e.g. use of forceps or vacuum extractor or instruments combined; categorisation and grouping of facility type, health workers).
Assessment organisation
Assessments were led by ministries of health and supported by a range of partners. UNFPA and UNICEF figured predominantly as in-country funders, but foundations and bilateral partners also played a role. AMDD technical advisors provided varying levels of assistance during questionnaire adaptation, training of data collectors, quality assurance, data management, analysis and report writing. The intensity of technical support ranged from country to country, and several countries included in this analysis received no direct support from AMDD (e.g. Ecuador, Panama, Cote d'Ivoire, Eritrea, Zimbabwe, Nepal) whereas Senegal, Afghanistan and Cambodia received little. Local public or private research institutions, universities or government Central Statistical Offices coordinated the assessment process with oversight by a local steering committee or technical working group.
Data collection and management
Data collectors were often health workers, public health graduates, or retired midwives. Data collectors were trained generally over the course of a 1-week period that included a 1-day field activity of administering the forms in a nearby health facility. Teams of four were deployed to the field; data collection often took 1-2 days in hospitals and half a day in health centres.
Initial analysis was performed using Excel, STATA, SPSS or CS-PRO software. Statistical analyses were descriptive and no statistical tests were conducted. When random samples of health centres were taken, those data were weighted using sampling weights based on the facility's probability of selection, and less frequently for non-response. Weighting is needed to account for non-uniform selection probabilities that affect how the data from the surveyed facilities represent the entire population of facilities, including those not surveyed. How weighted data were reported varied from country to country.
Before training and deployment, local institutional review boards or ministries of health gave their approval. The assessments never collected patient names or any identifiable information, nor were health worker names documented in the data collection instruments. Teams requested consent from facility directors on arrival as well as informed consent from health workers before their interview, usually in oral format. For this paper, approval of an internal review board was not sought given that most of the data were extracted from final reports in the public domain that included no identifiable personal or facility level information.
Analysis for this paper
The EmONC assessment process has never been highly centralised as country ownership and in-country planning based on the data have been prioritised over the use of the data at global level for multi-country analyses. However, we also recognise this missed opportunity. Without access to primary data, we have relied on final reports. As many as 40 country reports were consulted, though none of the Tables includes all 40 countries.
Results
Frequency of AVD performance at hospital and non-hospital health facility levels Table 1 summarises 36 assessments conducted over the past 11 years, 27 of which are located in sub-Saharan Africa; it shows the size of the population covered by the assessment, how many hospitals and other non-hospital facilities were surveyed (a total of 15 720 health facilities), and the percentage of hospitals and other facilities where AVD (defined as vacuum extraction or forceps delivery) was performed in the last 3 months. Assessments ranged from nine hospitals in one province in Ecuador to as many as 1626 health facilities in Burkina Faso.
To determine the emergency obstetric care status of each facility, the data collectors asked if each emergency obstetric care signal function had been performed in the last 3 months. The percentage of hospitals where AVD was performed was low in the four Latin American and Caribbean countries, ranging from 11% in Ecuador to 27% of hospitals in Guyana and Panama. The percentage of hospitals in sub-Saharan Africa that had practiced AVD was generally higher than the Latin American countries, ranging from 15% in Cote d'Ivoire (hospital sample included some health centres) to 94% in Eritrea. Overall, approximately 53% of the 1728 sub-Saharan hospitals surveyed had conducted AVD in the last 3 months (data not shown). Among the Asian hospitals, between 31% and 98% of the hospitals in Nepal and Cambodia, respectively, had performed AVD in the last 3 months.
Many fewer health centres than hospitals reported the performance of AVD. In the sub-Saharan African countries, for example, only 6% of health centres reported performing AVD in the previous quarter (data not shown). Cambodia (49%) and Afghanistan (89%) stand out with a large percentage of health centres providing AVD in the last 3 months, but this may be explained by the purposive selection of 'other' facilities. An overview of 40 assessments (those included in Table 1 showed that in 35 assessments AVD was the most frequently missing basic emergency obstetric care (B-EmOC) signal function (the remaining six B-EmOC signal functions are parenteral antibiotics, uterotonics, anticonvulsants, manual removal of placenta, removal of retained products, and newborn resuscitation with bag and mask). In the other five assessments, parenteral anticonvulsants were reported less frequently than AVD in Zanzibar, Cambodia, Laos and Nepal, whereas removal of retained products was less frequent than AVD in Niger (data not shown).
Mode of delivery among institutional births
The percentage of facilities that recently performed AVD is an indicator best used in the context of the other B-EmOC signal functions to identify programmatic, service delivery gaps. A more outcome-oriented indicator is the distribution of institutional deliveries by mode of delivery. In the six sub-Saharan African countries in Table 2 , about 1% of all institutional deliveries (at hospitals and non-hospitals) were delivered by vacuum extraction or forceps. Laos, the only non-African country, recorded as many as 3.5%, which may reflect its hospital-only sample. As comparison, data from the WHO Global Survey on Maternal and Perinatal Health and the African Global Survey are also shown; these were based on a random sample of countries and a random sample of hospitals, both of which indicate that about 3% of institutional deliveries were delivered using forceps or vacuum extraction. 9, 24 Again, the slightly higher rates of AVD were probably due to the Global Survey sampling strategy that required hospitals to perform caesarean sections and attend more than 1000 births per year.
The total assisted delivery rate is the sum of caesareans and deliveries with vacuum extraction or forceps divided by all institutional deliveries; in this case it ranged from 5% in Senegal to 12.9% in Ghana, and 28.3% in the WHO Global Survey. In theory, the total assisted delivery rate represents the percentage of pregnant women requiring an intervention for delivery, either abdominal or vaginal, while taking into account the case mix of the populations who deliver in facilities. 11 The ratio of caesarean deliveries to instrumental deliveries highlights the differences in interventions for delivery and allows for greater comparability across countries. The ratio ranges from 2.1 caesarean deliveries for every instrumental vaginal delivery in Laos to 27.4 in Congo-Brazzaville, indicating heavy reliance on surgery.
Reasons why AVD was not performed
Twenty-four countries reported systemic reasons why AVD had not been performed in the previous 3 months (Table 3) . Providers were allowed to give multiple responses. Including ties, the top reason for non-performance in ten countries was equipment-related; lack of staff training in seven countries; policy-related issues (mostly related to the authorisation of human resources) in four countries; and no woman presented with the appropriate indication for AVD in six countries. The availability of equipment and experienced human resources were validated by specific questions targeted at these systemic problems as we discuss below.
Availability of equipment
The availability of functioning equipment was explored in an inventory of equipment, supplies and drugs. The type of equipment found suggests clinical preferences (vacuum extractor or forceps) in each country. In some countries, the inventory assessed three types of delivery forceps (breech, mid-cavity and outlet forceps). Hence, a range in the percentage of facilities with functional forceps in the supporting information (Table S1 ) indicates the presence of more than one type (e.g. Liberia, Ethiopia, South Sudan, Congo-Brazzaville and Afghanistan). In Burkina Faso and Malawi, vacuum extractors and delivery forceps were combined. Clearly, hospitals were better equipped than non-hospitals and this was usually true regardless of the type of equipment reported. The table also confirms wider use of vacuum extraction over forceps delivery, as indicated in Table 3 , where the percentage of births delivered by vacuum was higher than forceps in five countries, with Congo-Brazzaville the exception (Mozambique did not distinguish between instruments). A clinical preference for forceps over vacuum extraction was observed in Ecuador, Guyana, Mauritania, Togo, Congo-Brazzaville and probably Bangladesh.
Availability of human resources with the capacity to perform AVD
Human resource availability, competence and confidence drive the practice of AVD. The EmONC assessments varied widely in how they reported on human resources. Graphs from several countries illustrate important patterns of AVD provision. Figure 1A shows the percentage of hospitals and non-hospitals in Ghana staffed by different cadres who provided vacuum extraction or forceps delivery. In hospitals, a higher percentage reported health workers who provided vacuum than forceps: 46% of hospitals had a general practitioner (GP), 37% an obstetrician/gynaecologist (ob/ gyn), and 30% a midwife who could perform vacuum extraction, compared with 17% of hospitals having a GP who provided forceps delivery, 23% an ob/gyn, and 2% a midwife. In contrast to the hospitals, few health centres and clinics reported staff who reported using either instrument, the exception being 15% that had a midwife who could perform vacuum extraction. Note that in this graph and those that follow, we do not know who among the different providers actually performed most of the instrumental deliveries. The patterns in Ethiopia ( Figure 1B ) are similar to those in Ghana only the type of equipment (vacuum extractor or forceps) is not specified. A wide range of cadres reportedly conduct AVD at both hospitals and non-hospitals. More than half of the hospitals reported a GP (71%), an ob/gyn (55%) or a diploma midwife (62%) capable of performing AVD, and close to a third had a health officer (33%), a B.Sc. midwife (29%) or a diploma nurse (29%). At nonhospitals mostly mid-level providers were performing AVD.
Hospitals in Mozambique present a different healthworker pattern from the hospitals in Ghana and Ethiopia ( Figure 1C) . About three-quarters of Mozambican hospitals reported that medium-and basic-level MCH nurses provided AVD, compared with 35% of hospitals reporting a GP or surgical technician, and 25% an ob/gyn. Basic-level MCH nurses providing AVD were also found in 31% of non-hospitals.
The final illustrative figure ( Figure 1D ) shows two Asian countries-Laos and Cambodia. In both countries, facilities reported GPs as providers of AVD with greater frequency than other cadres-although the instrument was not specified, Table 2 and the supporting information (Table S1) suggest that vacuum extraction predominates over obstetric forceps in both countries. In Cambodia 42% of surveyed facilities also reported midwives providing AVD. 
Discussion

Main findings
Although instrumental delivery is not widely practiced in the countries surveyed, it is more likely to be performed in hospitals than in health centres and clinics: in sub-Saharan Africa, the region best represented, 53% of hospitals reported that AVD had been performed recently compared with only 6% of non-hospitals. As a proportion of institutional deliveries, usually about 1% was delivered with AVD.
Most surveyed countries appear to show a preference for vacuum extraction over forceps, especially at non-hospitals. This probably reflects the global transition in instrument choice, what is offered in pre-service training and residency programmes, and a consensus that forceps is more difficult to use and is less versatile. 25, 26 Staff at facilities reported that the primary obstacles to performing AVD were the lack of trained human resources, lack of equipment, and national and institutional policies that fail to support AVD. Specialists were reported frequently as providers of AVD in hospitals as were midwives, whereas midwives were clearly the most prevalent providers at non-hospitals. Mozambique exemplifies a country where facilities were staffed with midwives trained to perform vacuum extraction, and reflects the government's successful task-sharing strategy for providing obstetric care. 27 
Strengths and limitations
A strength of our study is the presentation of national/regional AVD practice patterns in hospitals and non-hospitals in many LMICs, precisely where timely access to medical care cannot be guaranteed. Although some analyses were limited to a few countries, we were able to show the high dependence on surgery in countries such as Congo-Brazzaville and Ghana at the expense of lower cost interventions such as AVD. The ratio of caesarean delivery to AVD is a stronger indicator of facility obstetric performance than the caesarean rate alone. 11, 28 Few countries have had multiple assessments so we have minimal trend data. We might expect to see improvements in the years following an assessment, given how widespread B-EmOC training has been. In Mozambique, which had its first national assessment in 2007/8 and a second in 2012, the percentage of hospitals and health centres performing AVD decreased. But the opposite was true for Malawi where three national assessments have been conducted since 2005, and where increases in AVD have been observed in both hospitals and health centres with each assessment.
An important limitation to the data is the likelihood of under-reporting AVD procedures that are recorded simply as vaginal deliveries. The practitioner of a procedure may not always be the person who completes the delivery or operating theatre register, both of which are primary data sources in the assessments. Signal function performance is determined through interviews with the maternity incharge, and verified by examining the delivery ward registries. However, we know that staff may be unaware of procedures performed by their colleagues, data collectors do not always verify the performance results with service statistics, and responses may be influenced by a courtesy bias. Furthermore, EmONC assessments historically have not captured who actually performs most of the procedures, something that has been corrected in current questionnaires.
Had we had access to the electronic databases, we could have standardised analyses as well as examined how practices varied by public/private sector, urban/rural differentials, high/low delivery volume, quality or readiness indices, and other predictors of practice.
Interpretation
The fact that six countries reported 'no indication' as the top reason for not performing AVD is worrisome as it points to poor fetal monitoring during labour, especially during the second stage, limited exposure to AVD, and/or a lack of confidence or support for the skills needed to perform AVD. Despite B-EmOC training, even when it includes AVD, many never perform it once they return to their service sites (personal communication with CE).
The contrast between the relatively frequent use of AVD in high-income countries and its low use in LMICs also raises questions. The high rates of medical interventions during childbirth in high-income countries are well recognised; the total assisted delivery rate (caesarean deliveries + AVD) is approaching or exceeds 40% in a number of English-speaking countries.
11 National population-based caesarean delivery rates in most of the surveyed countries were below 5%. Although low, they mask some extremely high rates in private hospitals and urban centres, highlighting the inequitable distribution of emergency services and the uncomfortable irony that some women in facilities are undergoing an unnecessary caesarean while others, often in rural communities, would benefit from a caesarean or AVD but do not have access.
Assisted vaginal delivery is an evidence-based obstetric procedure and when performed for appropriate indications and according to protocol can reduce maternal and fetal morbidity and mortality, reduce short-term and long-term risks associated with caesarean delivery, and reduce healthcare costs. Some LMICs already face acute financial crises associated with high caesarean rates and are proposing an increase in AVD as a path to mitigating rising caesarean rates. 17, 19 The most controversial signal function is AVD, where the debate centres on different issues: a concern from some specialists and policy makers who question its safety at a health centre with no immediate access to surgical backup; and from programme managers and evaluators, who sometimes redefine B-EmOC by dropping AVD as a signal function because it is frequently missing. To answer the first set of critics, we do not have the rigorous evidence for taskshifting AVD as we do for caesarean deliveries performed by associate clinicians. 27 The research community could provide the evidence that midwives can perform vacuum extraction as safely and effectively as doctors, as well as determine the costs and benefits of performing AVD at the health-centre level. An advantage of midwives as AVD practitioners is to reduce the delays implicit in calling a specialist or other provider, especially at night. As long as specialists are in short supply, midwives and associate clinicians should be targeted for pre-service and in-service skills-building around the use of vacuum extraction. However, if specialists are not skilled or not in favour of the use of vacuum extraction, there will be fewer leaders for supportive policy, training or use.
In response to the programme managers who would like to show more progress from their B-EmOC strengthening efforts, some countries like Panama and Nicaragua completely dropped AVD from their assessments, other countries have devised a status of Basic À1, where the 'À1' stands for the missing AVD. We believe the clinical importance of keeping a focus on AVD is paramount, and if it were dropped, would communicate an inappropriate obstetric message of 'unimportance'.
Conclusions
To turn around the underutilisation of AVD, research on the safety and effectiveness of AVD in the hands of midwives at health centres is encouraged. Global endorsement and a consensus to revitalise the use of AVD are needed to activate policy makers and encourage stakeholder professional societies to play a role that could affect training policies and national guidelines, and increase clinical training opportunities, even for specialists who have lost operative vaginal skills. Where AVD has been dropped from pre-service or in-service B-EmOC training, we should understand why this has occurred. We need to learn from successful AVD reintroduction pilots in Tanzania (health centres upgraded by the World Lung Foundation's Maternal Health project to provide caesarean delivery and AVD), Uganda at the Mulago National Referral Hospital, and Ecuador at the Sotomayor Hospital in Guayaquil. 17, 29, 30 Finally, much is riding on the Odon device trials that are underway; the device is a low cost technological innovation that can be used without electricity by midwives. If successful, it may provide impetus to the revitalisation of assisted vaginal delivery.
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